reported that increased reaction times for the detection of small light probes could be used as an indicator of inhibitory tagging of rejected distractors in serial visual search tasks. Such a paradigm would be very useful in the study of the mechanics of visual search. Unfortunately, we cannot replicate the result. In this study, we found that probe reaction times were elevated at all distractor locations, relative to empty locations, following both parallel and serial search tasks. This appears to be a forward masking effect.
Many searches for a target item among distractor items appear to require the deployment of attention from item to item in a serial fashion (e.g., Treisman & Gelade, 1980) . Once a distractor has been visited by attention and rejected as a candidate target, it would seem reasonable to prevent attention from paying a return visit. Posner and his colleagues (Posner & Cohen, 1984; Posner & Presti, 1987) have found that it is more difficult to direct attention to a recently attended location than to an unattended location. Reaction times (RTs) for small light probes are longer at this inhibited location. They have called this phenomenon "inhibition of return." Klein (1988) applied Posner's concepts and methods directly to the visual search paradigm. He reasoned that inhibitory tagging of distractors might prevent attention from returning to rejected distractors and that this inhibition might be measurable with Posner's probe-detection paradigm. Briefly, RTs should be longer at rejected distracto: locations than at empty locations in the field. The effect should occur for serial search tasks but not for parallel search tasks. Finally, it should be about twice as great for target-absent search trials as for target-present trials, since all distractors should be inhibited on target-absent trials and an average of only half of the distractors should be inhibited in target-present trials. Klein's results supported these conjectures. In a serial search task, probe-detection RTs (which we will refer to as probe RTs) were 50-60 msec longer for probes placed in rejected distractor locations than for probes placed in empty locations in the field. The effect was not seen for a parallel search task and was approximately half as large on target-present trials.
This paradigm could be exceedingly useful in the study of the details of visual search behavior. Averaging over trials, it could be used to "count" the number of inhibited distractors in a given condition. Klein demonstrates this potential in his experiments. In a serial, self-terminating search, attention should visit and reject all distractors when there is no target present, but only half of the distractors when a target is present. Given 50% inhibited and 50% uninhibited locations on target trials, the average magnitude of the RT increase for target trials should be half that for target-absent trials. Klein reports just such results.
Recently, Wolfe, Cave, and Franzel (1989) proposed that some searches do not require full serial, self-terminating search because the parallel, preattentive stage of processing can guide attention toward likely targets. Thus, in a search for a red T among green Ls and red Ls, even though the search for a T among Ls requires attention, the effective number of distractors can be cut in half by guiding attention toward the red items and away from the green (see also Egeth, Virzi, & Garbart, 1984) . Evidence for this selective, or guided, search could be provided using Klein's paradigm if it could be shown that on targetabsent trials all red locations were inhibited while all green locations were not. Similar experiments could be done to test similar hypotheses about performance on a variety of other search tasks. We thus set out to replicate and extend Klein's findings. It is with considerable regret that we report that we have been unable to do so. 
Method
Apparatus and Procedure. The stimuli for Experiment 1 were displayed on a standard television monitor that was part of a modified "Sub Roc 3-D" video game. The display was controlled by an IBM PC-XT with IBM YODA graphics. The stimuli were presented in an 11.3 ° × 11.3 ° field bounded by a green line. Individual stimuli were constrained to fit within a 0.85° × 0.85° field. The stimuli were positioned on an invisible, slightly irregular 6 × 6 array. A fixation spot was provided at the center of the display, and the subjects were instructed to fixate. In Experiment 1, stimuli closely followed those of Klein (1988) . Stimuli were circles with or without a small vertical hne that intersected the circle at "12 o'clock" (i.e., O and ~). Phosphor decay on this device is quite slow.
The subjects were tested twice in the standard search parathgm w~thout probes and twice in the Klein probe procedure as described below. In each case, one block of trials used the ~ as the target and the Os as dlstractors. In the other block, target and distractors were reversed. Search for an 0 among I~s is serial, whereas search for a ~ among Os is parallel (or, at least, more efficient than the search for O among Os; Treisman & Souther, 1985) . The O-amongOs task should require the deployment of attention from item to item and, thus, should yield evidence for inhibition of return in the form of elevated RTs for probes presented in distractor locations. The O-among-Os task should not show evidence of this inhibition.
In the search task, the subject initiated each trial by pressing a button w~th the left hand. This caused a search display to appear. On 50% of the trials, a target was present among distractors. On the remaining trials, only distractors were present. The subject responded by pressing one of two buttons with the right hand, depending on whether or not the target was present. The display remained on the screen untd the subject responded. RT was measured from stimulus onset to the response of the subject Feedback was given after every trial. Placement of target and distractors was random within the field described above. Set sizes of 5, 10, and 20 items were used and varied randomly from trial to trial. The subjects were tested for 30 practice and 300 "real" trials.
Two variants of the probe version of the experiment were run. For both, set size was fixed at 10 items and the initial search portion of each trial was identical to that described above. In Variant 1, a small (4 pixel), 6.5 cd/m 2 probe was presented 60 msec after the offset of the search stimulus on 75% of the trials (ISI taken from Klein, 1988) . In Variant 2, the probe was presented on 50% of the trials, exactly following Klein's methods. For both variants, on half of these probe-present trials, the probe was presented at a distractor location. On the remaining trials, the probe was presented in an empty location Probes were placed in the black center of the O or ~ or in a black empty location. The probe remained visible until the subject responded or the trial terminated. Fairly dim search stimuli were used in an effort to minimize forward masking effects (lum: 1.1 cd/m2). Probe location and trial type were random across trials. Responses were slightly different in the two variants. In Variant 1, the subjects responded to the presence of the probe by pressing either of the right-hand buttons, the same buttons used to respond in the search portion of the task. In Variant 2, the subjects responded with the left hand. This use of different hands for the two parts of the task follows Klein's methods. The subjects withheld response in the absence of probe. A trial without a probe terminated after 1,500 msec. Feedback was provided after each trial. The subjects were tested for 50 practice and 250 real trials in the probe condiUon. Variants 1 and 2 were similar, with Variant 2 being the more faithful replication of Klein's methods.
In the search component, trials having RTs greater than 5,000 msec and less than 250 msec were discarded and were not replaced. On the probe component, RTs of less that 150 msec were thscarded. Fewer than 1% of trials were discarded for these reasons. RTs of greater than 1,500 msec on a probe-present trial were considered to be missed probes.
Subjects. There were 10 different subjects in each variant. The subjects were either employees of our lab or were obtained from the MIT subject pool. The subjects from the MIT subject pool gave informed consent prior to the experiment and were paid $6/h. The subjects' ages ranged from 18 to 24 years. The subjects wore their best optical correction.
Results
RTs for the search tasks were averaged across subjects. These means, plotted as a function of set size, are shown in Figure 1 for target-present and target-absent trials separately. Slopes of best-fit linear regressions are also shown on the graph. Error rates in the search task averaged less than 3 %. An ANOVA yielded significant effects of set size and trial type (target present vs. target absent) for both the 0-among-Os and the O-among-0s conditions (all There are four probe conditions of interest: The probe could be presented on a target-present or a target-absent trial and could be presented in a distractor location or in an empty location. The RT values for these four conditions, averaged across subjects, and the difference between distractor and empty location probe RTs are shown in Table 1 for both variants.
In Variant 1, the differences between distractor and empty locations were significant for all conditions [all ts(9) > 5.0, all ps < .001]. None of the comparisons between target-present and target-absent search trial conditions revealed significant differences in probe RTs [all ts(9) < 1.3, all ps > . 1]. None of the comparisons between parallel and serial search tasks reveal significant differences in probe RTs [all ts(9) < 1.4, all ps > . 1]. In Variant 2, the differences between distractor and empty locations were significant for all conditions [all ts(9) > 3.3, all ps < .01]. Probe RTs were significantly longer for probes presented in empty locations on target-absent trials than for those presented in empty locations on targetpresent trials [t(9) = 4.9, p < .001]. None of the other comparisons between target-present and target-absent search trial conditions revealed significant differences in probe RTs [all ts(9) < 1.6, allps > . 1]. None of the comparisons between parallel and serial search tasks revealed significant differences in probe RTs [all ts(9) < 0.8, all ps > .4]. There was a larger effect of probe location for target-present trials than for target-absent trials in the serial task [t(9) = 3.4, p < .01]. This effect was not significant for the parallel task It(9) = 1.1, p > .2].
Error rates. In Variant 1, error rates for the search component of the task were 2.6% for the O-among-0s task and 2.7% for the 0-among-Os task. For the probe component, the rates were 3.5 % for the O-among-0s task and 3.1% for the 0-among-Os task. In Variant 2, error rates for the search component of the task were 4.3% for the O-among-0s task and 2.0% for the 0-among-Os task. For the probe component, the rates were 1.6% for the Oamong-0s task and 2.3% for the 0-among-Os task.
Discussion
If probe RTs can be used to measure inhibition of return, the pattern of results should be as follows: RTs for probes presented in distractor locations should be longer than those presented in empty locations. This effect should only appear in the serial search task since the parallel search task presumably does not involve inhibition of individual distractor locations. The effect should be about twice as large for target-absent search trials as for target-present search trials because, on target-absent search trials, all distractor locations should be inhibited whereas, on target-present search trials, averaged across trials, only half of the distractor locations should be inhibited. In Experiment l, probe RTs were longer when probes were presented in distractor locations, as reported by Klein (1988) . However, experiment type and trial type had no influence on this effect. It is the prior presence of a distractor that seems to make the probe more difficult to detect. This may be considered to be a form of forward masking (see Breitmeyer, 1984 , for a comprehensive review). The one exception to this conclusion is the significant effect of search trial type on size of the "inhibition" effect in serial block of Variant 2. However, the difference goes in the wrong direction. More inhibition was seen on target-present trials, when the average inhibition on those trials should have been half of that seen on target-absent trials.
The variations of percentage of probe trials and hand of response that differentiate the two variants of Experiment l do not appear to have had any important impact on the pattern of results. Neither variant provides evidence for inhibitory tagging. One further variable differentiates our methods from Klein's. Our stimuli were presented in an 11.3° × 11.3° field. In Klein's experiment, the display size was 5° × 6°. It is hard to imagine that this variation is critical. If there was any effect, one might expect inhibitory tagging to be easier in our less dense display. Some of our subjects produced quite "serial" results on the 0-among Os (parallel) task. Perhaps they show inhibitory tagging for both 0-among-Os and O-among-0s tasks, hiding the difference between serial and parallel search. If this is the case, there should be a correlation between slopes on the 0-among-Os search task and the Target difference between distractor and empty location probe RTs. The subjects with high search slopes should have larger RT differences, greater evidence for inhibitory tagging. No such correlation is seen (in Variant 1, r = 0.148, df = 9).
It might be argued that the serial task is not typical because it is the search for the absence of a basic feature. Similarly, as noted above, it could be argued that the parallel task was not truly parallel because the data show a dependence of search RT on set size. Of course, both of these objections hold for the original Klein study, too. Nevertheless, it seemed worth repeating the experiment with more conventionally serial and parallel tasks.
EXPERIMENT 2 Method
Procedure. As in Experiment 1, two search tasks were used. For both conditions, the distractors were gray Ls in four possible orientations (0°, 90°, 180°, and 270°). The Ls consisted of two sides of a square 0.85° on a side. The probe, when presented at a distractor location, was always presented at the center of that square. The target for the parallel condition of Experiment 2 was a red grating--different in color, luminance, and form from the distractors. The target for the serial condition was a gray T. It, like the Ls, could appear in four 90° rotations. Search for a T among Ls has been shown to be serial using these stimuli in this lab (Wolfe et al., 1989) . All other aspects of the experimental apparatus and methods were identical to those of Experiment 1. As before, two versions were run for each task. In one case, each trial contained only the search task. In the other, each trial was composed of both search and probe-detection tasks.
Subjects. There were 10 subjects for Experiment 2 (6 male and 4 female). The subjects were either employees at the lab or were obtained from the MIT subject pool. The subjects from the MIT subject pool gave informed consent and were paid $6/h. The subjects' ages were between 18 and 23 years. The subjects wore their best optical correction.
Results
Average RTs as a function of set size for target-present and target-absent trials are shown in Figure 2 . They show the expected results. Search for a T among Ls was serial, with slopes of standard steepness and a rough 2:1 ratio between target-absent and target-present slopes. The search RT for a red vertical grating among Ls was fast and independent of set size, as would be expected in a parallel search. Table 2 shows the mean probe RTs for the probe conditions of Experiment 2. RTs for probes presented in distractor locations were significantly longer than those for probes presented at empty locations [t(9) > 2.2, p < .05, for all four differences]. There were no significant differences in probe RTs between target-present and targetabsent trials for either the serial task [t(9) = 1.3, p > .1] or the parallel task [t(9) = 0.5, p > . 1]. There were no significant differences in probe RTs between the serial and parallel tasks [target-present trials, t(9) = 0.3, p > . 1; target-absent trials, t(9) = 0.2, p > . 1]. The distractorempty location differences appear to have been larger for target-absent trials than for target-present trials. This trend was not significant for either task [t(9) < 1.2, p > .25].
Discussion
The results of Experiment 2 mirror those of Experiment 1. Probe RTs were reliably longer when probes were presented at distractor locations than when probes were presented at empty locations. Serial and parallel tasks produced a difference of the same magnitude. In addition, target-present and target-absent trials produced similar results. This supports the hypothesis that the effects on probe RT are a form of forward masking. The difference between probe RTs at distractor and empty locations was smaller in Experiment 2 than in Experiment 1 [collapsing across all conditions, t(78) = 4.5, p < .001]. If we assume that the effect is a forward masking effect, that would suggest that there was less masking in Experiment 2 than in Experiment 1, perhaps because the distractors in Experiment 1 completely surrounded the probe location, whereas the distractors in Experiment 2 flanked the probe location on only two sides. We tested this possibility in Experiment 3.
EXPERIMENT 3

Method
Procedure and Subjects. In Experiment 3, the search task was a very easy parallel task. The target was a red vertical grating. The distractors were a gray O (from Experiment 1) and a gray L (upright only, from Experiment 2). Probes were presented on 75 % of the trials. On probe trials, the probe was presented w~th equal probability at an O location, an L location, or an empty location. Th~s allowed for direct comparison of the effects of each type of distractor on probe RTs. Eleven subjects were tested. In all other respects, the methods were identical to the probe versions of Experiments 1 and "2. Table 3 gives the average probe RTs for probes presented at O, L, or empty locations. An ANOVA yielded a significant effect of probe location [F(2,60) = 
Results
Discussion
There was a significant elevation of probe RTs in this parallel search task. It was different for the two types of distractor. The magnitude of the probe RT effect for probes presented at L locations was comparable to that seen in Experiment 2 where Ls were the distractors. Similarly, the magnitude of the probe RT effect at O locations was comparable to that seen in Experiment 1 where Os were the distractors. There is no obvious reason to suppose that more inhibition should be present at the O locations than at the L locations. These data are consistent with the hypothesis that probe RT effects are the result of forward masking of the probe by the distractor. An O that completely surrounds the location of the subsequent probe flash appears to produce more masking than does an L that flanks the probe location on only two sides. One could study the parameters of this phenomenon as a way to confirm the hypothesis, although that does not seem very interesting.
We are quite unhappy with our results. Klein's (1988) paper seemed to offer a fairly easy and very useful paradigm for the investigation of the deployment of attention in visual search. It is not clear why we did not obtain Klein's reported pattern of results. Our probe RT effects are of about the same magnitude as his, making it unlikely that noise in our data was hiding the inhibitory tagging effect. We have attempted a fairly close replication of his study, although there were some differences in methods (as discussed in Experiment 1). Perhaps such differences in the experimental parameters do account for the differences in our results. If so, the nature of the critical variable becomes important. If the Klein paradigm works only for a very limited set of search tasks, then it is of little general value. However, if there is some inconsequential change in the probe task that can make the paradigm work reliably, then it may yet prove useful. Unfortunately, our informal efforts to vary probe luminance, size, and ISI did not reveal any condition that produced Klein's pattern of results.
In summary, in our hands, the probe-detection paradigm does not yield evidence for inhibitory tagging of distractor locations in visual search. We find that RTs for detection of probes are longer at distractor locations than at empty locations, but this effect is seen for both parallel and serial search tasks and is of the same magnitude for probes presented after target-present or target-absent search trials. While we do not know the source of the difference between our results and those of Klein (1988), we suspect that the longer probe RTs at distractor locations in our experiments are the result of forward masking.
